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Abstract 
Purpose: To evaluate the effects of thymoquinone (TQ) on histological and immunohistochemical 
changes in the cerebellar cortex induced by propylthiouracil (PTU) treatment in rats. 
Methods: Thirty-two adult male albino rats were randomly divided into four groups: C, control; PTU, 
treatment with oral PTU to induce hypothyroidism; TQ, treatment with TQ; and PTU + TQ, concomitant 
treatment with oral PTU and TQ for 6 weeks. Cavalieri’s principle and physical dissector methods were 
employed for unbiased deduction of cerebellar granular layer volume, numerical density, and number of 
granular cells. 
Results: In the PTU group, hematoxylin and eosin (H&E)-stained sections revealed degeneration of 
Purkinje cells, neuronal loss, and spongiosis in the white matter. A decrease in the number of 
astrocytes-expressing glial fibrillary acidic protein (GFAP) and a significant decrease in granular layer 
cell density were also seen. Concomitant administration of TQ ameliorated histopathological changes, 
increased the proportion of GFAP-positive astrocytes, increased granular cell density, and significantly 
(p < 0.05) increased the levels of thyroid-stimulating hormones, T3 and T4.  
Conclusion: TQ treatment significantly decreases cerebellar changes resulting from PTU-induced 
hypothyroidism, and results in the retention of neuronal structural integrity in the cerebellar cortex. 
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Several studies have demonstrated that the 
cerebellum mainly functions to coordinate motor 
functions and control muscle tone and balance. 
However, the disruption of cerebellar circuitry by 
any structural impairment could hinder the 
processing of emotional responses and cause 
significant personality changes [1]. Therefore, 
sufficient thyroid function is necessary for normal 
development of the brain and life-long cognitive 
function [2]. Previous studies have shown that a 
thyroid hormone (TH) deficiency in adulthood is 
associated with common cognitive deficits, 
including reduced general awareness, attention, 
learning, memory, and psychomotor pace [3]. 
 
Hypothyroidism can occur as a result of thyroid 
gland surgery following radiation in head and 
neck malignancies. Iatrogenic hypothyroidism 
was also reported in a previous pharmacological 
study [4]. The majority of dietary supplements fail 
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to meet the scientific requirements necessary for 
treatment of hypothyroidism [5]. Since 1980, the 
World Health Organization has encouraged 
countries to identify and utilize traditional 
medicine and phytotherapy.  
 
One natural option is the black seed Nigella 
sativa Linn (N.S.). Thymoquinone (TQ) is the 
bioactive phytochemical component of its oil (54 
%), and has been shown to have anti-
inflammatory, anti-oxidant, and anti-neoplastic 
effects both in vitro and in vivo [6]. The objective 
of this study was to determine the potential 
protective effects of TQ against cerebellar 
histopathological changes in propylthiouracil 






Thirty-two adult male Wister rats (180–200 g 
each) were purchased from the Animal House 
Unit at King Fahd Medical Research Center 
(KFMRC), King Abdulaziz University, Saudi 
Arabia. The rats were randomly divided into 
cages (42 × 26.5 × 15 cm) and maintained at 22 
± 1 oC and 60 % humidity. Animal care 
conformed to the KFMRC Institutional Guidelines 
for animals. The study was approved by Ethical 
Committee for Animal Research at King 
Abdulaziz University (approval no. HA-02-j-08). 
All animals received care according to the 
method approved under institutional guidelines 
for care and use of laboratory animals in KFMRC 
in accordance with "Principles of Laboratory 
Animal Care" and  the Declaration of Helsinki, as 
amended in 2000 [7]. 
 
Chemicals and drugs 
 
Thymoqinone (TQ) and propylthiouracil (PTU) 
(C7H10N2OS) were purchased from Sigma-
Aldrich (USA). Kits for T4, T3, and thyroid-
stimulating hormone (TSH) were purchased from 




PTU (6 mg/kg) was prepared by dissolving in 
warm water and was administered by gastric 
gavage for 6 weeks [8]. Rats with serum T4 and 
T3 concentrations less than control were 
considered to have hypothyroidism. PTU reduces 
circulating T3 and T4 levels, resulting in a 
hypothyroid state in rats [9]. TQ was dissolved in 
a few drops of dimethyl sulfoxide (DMSO) and 
diluted 1:100 in 0.9 % NaCl. TQ was 
administrated orally every day at a dose of 10 
mg/kg via gastric gavage [10]. 
Animal studies 
 
Four groups containing 8 rats each were treated 
as follows: Group 1 (cont) received pure water 
equal to the amount of PTU as a control; Group 2 
(PTU) received 6 mg/kg of PTU by gastric 
gavage for 6 weeks to induce hypothyroidism; 
Group 3 (TQ) was treated with TQ (10 mg/kg per 
day) added to drinking water for 6 weeks; and 
Group 4 (PTU + TQ) received TQ and PTU at the 
same dose and duration as Groups 2 and 3. 
 
Confirmation of hypothyroidism 
 
Thyroid function was evaluated after 6 weeks. 
Blood was collected from the retro-orbital venous 
plexus sinus using a 5-mL capillary tube [11]. 
Serum was prepared by centrifuging the blood 
for 15 min at 3,000 g at 4 oC and kept at −80 oC 
until analysis. A competitive inhibition enzyme 
immunoassay technique was used to assess 
serum T4, T3, and TSH. 
 
Tissue preparation for histopathology and 
stereological studies 
 
All animals were sacrificed by cervical 
dislocation. Dissection was performed after aortic 
perfusion with 60 mL of heparinized physiological 
saline, followed by 375 mL of 4.0 % ice-cold 
paraformaldehyde in 0.1 M phosphate buffer (pH 
= 7.4). The extracted brains were fixed at 3 °C 
for 3 h, and then cut into equal halves along the 
sagittal plane. Cavalieri’s principle was employed 
and serial equidistant sections of the right 
cerebellar hemisphere were cut along the 
coronal plane using a rotary microtome at 1 μm. 
The sections were successively collected in 0.01 
M phosphate buffered saline (PBS), and the 
whole number was estimated [12]. In total, 2,700 
– 3,200 sections were cut through the entire 
cerebellar half. From these sections, an average 
of 15 – 20 was randomly chosen in a systematic 
manner from the first 250 sections. To estimate 
cell volume, vertical sections were prepared from 
the other cerebellar half [13]. Sections were 
processed and stained with hematoxylin and 




A protocol for antigen retrieval using a 
microwave oven was followed. Sections were 
placed in a 1:500 dilution of mouse polyclonal 
rabbit anti-glial fibrillary acidic protein (GFAP) 
overnight at 4 °C. The sections were then 
incubated in a goat anti-rabbit IgG (1:100) and 
rabbit PAP (peroxidase-antiperoxidase) (1:50) for 
1 h, and then washed, placed in mouse 
peroxidase-antiperoxidase solution for 1 h 
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(1:200), and finally placed in a 3,3′-
diaminobenzidine tetrahydrochloride (DAB) and 
hydrogen peroxide solution for 10 min. Slides 
were cover-slipped with aqueous mounting 
medium. The contribution of nonspecific staining 
was monitored using negative controls [15]. 
 
Evaluation of GFAP-stained cells 
 
The percentage of GFAP-reactive cerebellum 
was measured using Image-Pro Plus version 4.5 
software (Media Cybernetics, Silver Springs, 
Maryland, USA). Color channel preference was 
employed before the area percentage was 
measured. The threshold parameters were kept 
constant across all groups. Five non-overlapping 
visual fields (100×) in 10 sections were examined 




Stereology is a reliable and unbiased 
mathematical method used for the three-
dimensional (3-D) evaluation of structures using 
2-D sections [16]. This method was used to 
evaluate the numerical density of granular cells 
as described below. The numerical density of 
granular cells was evaluated by the physical 
disector method. The disector represents the 
least definitive approach to a 3-D probe. It 
consists of a pair of sequential sections, a 
“reference” section, an adjacent section, and a 
“look-up” section. According to the disector 
method, granular cells that appear in the 
reference section and not in the look-up section 
should be counted. This method is a thematic 
calculation of numerical density [17]. In this 
study, the randomly chosen section of reference 
and its look-up section were photographed. A 
transparent point-counting grid was then 
randomly placed on the reference section and 
then mounted on the same area of the look-up 
section. The widest granular nuclei in focus 
within the grid and within the right vertical and 
top grid bars (acceptance line) were included in 
the count. Cells outside of the left vertical and 
bottom bars (forbidden line) were not counted. 
Therefore, the total number of granular nuclei 
appearing in the “reference” section photograph 
and not in the “look-up” sections was counted 
[18]. The numerical density was calculated as in 
Eq 1 [17]. 
 
NA = (1/{a/fh})(ΣQ/ΣP) …………….. (1) 
 
where NA is the numerical density of granular 
neurons, Q is the number of profiles seen in the 
reference section, a/f is the area associated with 
each frame, h is the distance between sections, 
and P is the number of frame-associated points 
hitting the tissue.  
 
The total number of granular cells was calculated 
as follows as in Eq 2. 
 
N = NV × V(ref) …………… (2) 
 
where N is the total number of granule neurons, 
NV is the volume of the granular layer, and V(ref) 




Data were statistically analyzed and presented 
as mean ± standard deviation (SD) using SPSS 
version 16 (IBM, USA). A one-way analysis of 
variance (ANOVA) was used; when equal 
variance could be assumed, the post-hoc least 
significant difference (LSD) t-test was applied. P 




The body weight differences among the groups 
after 6 weeks of treatment are shown in Figure 1. 
 
 
Figure 1: The percent body (bd wt) difference of 
animals between the beginning and the end of the 
experiment. Hypothyroid model rats (PTU) showed a 
significant increase in body weight compared with the 
other groups. A one-way analysis of variance 
(ANOVA) was used for statistical analysis and values 
are expressed as mean ± standard deviation (SD). 





Table 1 shows serum TSH, T3, and T4 levels. T3 
and T4 levels lower than the control were 
considered to indicate hypothyroid status. 
Administration of TQ restored thyroid hormones 
to control levels. 
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Table 1: The levels of thyroid-stimulating hormone (TSH; mIU/L), T3 (pg/mL), and T4 (pg/mL) after 6 weeks of 
treatment.  
 
Parameter Group 1: Con Group 2: PTU Group 3: TQ Group 4: PTU + TQ 
TSH (mIU/L) 3.40 ± 1.32 18.5 ± 3.01 3.50 ± 0.32 2.51 ± 0.54 
T3 (pg/mL) 3.73 ± 0.67 0.62 ± 0.18 4.04 ± 0.25 3.25 ± 0.08 
T4 (pg/mL) 26.19 ± 1.31 0.31 ± 0.09 29.1 ± 1.14 32.3 ± 1.44 
A one-way analysis of variance (ANOVA) was used for statistical analysis. When equal variance could be 
assumed, the least significant difference (LSD) t-test was applied. Data are presented as mean ± standard 




Figure 2: Photomicrographs of cerebellar folia showing normal molecular (M), Purkinje (P), and granular (G) 
layers and deep white matter (W) in Group 1  (Cont) and Group 3 (TQ). Marked vascular congestion and blood 
extravasation can be seen under the raised meningeal covering (stars), and wide regions of neuronal loss 
(brackets) are evident in Group 2 (PTU). Sections were stained with hematoxylin and eosin (H&E) and images 




Examination of cerebellar folia sections at low 
magnification revealed three major layers: an 
outer layer lightly stained with molecular 
markers, a middle Purkinje layer, and an inner 
granular layer. A white matter core appeared in 
the deep folia. Sections from the PTU-induced 
hypothyroid group (Group 2) had a raised 
meningeal covering with marked congestion of 
the underlying vessels and extravasation of 
blood. This was in addition to wide areas of 
neuronal loss and increased frequency of 
Purkinje cell deformation and degeneration 
compared with other groups. Compared with 
untreated groups, the cerebral folia in Group 3 
(TQ) had a normal histological structure and no 
signs of subpial hemorrhage or vascular 
congestion. Most Group 4 folia showed normal 
Purkinje cells, and the histological cerebellar folia 
characteristics did not differ from the control 
(Figure 2). 
When examined at higher magnification, sections 
of the control group (Group 1) revealed darkly 
stained scattered basket cells in the molecular 
layer. The large cell bodies of Purkinje cells had 
pale nuclei and prominent nucleoli with branching 
dendrites, while numerous small granular cells 
were densely packed in the inner granular layer. 
These cells had rounded dark nuclei and little 
cytoplasm. A group of large Golgi II cell nuclei 
were prominent between the molecular and 
granular layers (Figure 3). 
 
In Group 2 (PTU) animals, vacuolation of the 
molecular layer was observed.  Focal regions of 
Purkinje cell loss were noticed, and other regions 
showed marked deformity. The cells were 
shrunken, with an irregular outline, deeply 
stained cytoplasm, and small pyknotic nuclei. 
Some degenerated cells were also seen in the 
granular layer (Figure 3).  Group 3 rats showed 
normal Purkinje cells with larger euchromatic 
nuclei and well-formed dendrites (Figure 3). In 
Group 4, Purkinje cells had highly basophilic 
cytoplasm, large vesicular nuclei with prominent 
nucleoli, and axonal arborization indicating cell 
activation (Figure 3). 
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Figure 3:  Photomicrographs of Group 1 cerebellar 
cortex samples showing Purkinje cells with basophilic 
cytoplasm and rounded nuclei (thin black arrows). 
Numerous small granular cells are densely packed in 
the granular layer (G) and basket cells are scattered in 
the molecular layer. Group 2 photomicrographs show 
shrunken Purkinje cells,  lost in focal areas (curved 
arrow), have deeply stained cytoplasm, irregular 
outlines, and small pyknotic nuclei. Few are seen in 
the granular layer (double black arrow). Vacuolated 
basket cells are also noted (white arrows). M: 
molecular layer; Sections were stained with H&E and 
images were acquired at x40 
 
The cerebellar white matter revealed increased 
areas of vacuolation (spongiosis) and congested 
vessels in the PTU group compared with other 
groups. In the TQ groups, the white mater 




GFAP-reactive astrocytes in Group 1 had a small 
amount of cytoplasm with long processes. The 
cell bodies were found within the Purkinje cell 
layer, granule cell layer, and white matter core. 
The processes extended through the molecular 
layer. In Group 2, a diffuse but significant 
decrease in the expression of GFAP in 
astrocytes was observed. In Group 3, cerebellum 
sections revealed no alteration in the distribution 
of the GFAP-immunolabeled astrocytes. In 
Group 4, the expression GFAP in astrocytes was 
enhanced (Figure 5). 
 
GFAP-stained astrocyte area 
 
The area containing GFAP-stained astrocytes 
was significantly decreased in Group 2. Only 9.3 
% of sections contained GFAP astrocytes 
compared with Group 1 (35.04%). Administration 
of TQ in Group 4 increased the area of GFAP-




Figure 4: Photomicrographs of the white matter core 
in the cerebellar folia. Group 1 shows normal structure 
of the inner white matter. Congested vessels (white 
arrows) and areas of vacuolation (inset) are observed 
in group 2. Both groups 3 and 4 show normal white 
matter structure compared with Group 2. Sections 





Figure 5: Photomicrographs of GFAP immune-stained 
sections from the cerebellum. Group 1 show small 
brown stained astrocytes within the Purkinje and 
granular cell layers and the white matter core with their 
process extending through the molecular layer. In 
group 2, a diffuse but significant   decrease in GFAP 
expression is seen. Group 3 sections reveal similar 
GFAP expression as that observed in group 1. Group 
4 sections have enhanced GFAP expression 
compared with that in group 1. 
 
Stereology: numerical density and total 
number of granular cells 
 
In the PTU-treated group, the numerical density 
of granular cells in the granular layer was 49.42 
% (Figure 7). The administration of TQ 
significantly increased the numerical density of 
granular cells to 82.75 % in Group 4 (PTU + TQ) 
(Figure 7). In addition, the total number of 
granular cells in hypothyroid rats treated with TQ 
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(Group 4) increased compared with the untreated 




PTU is a well-known thyrotoxicant that can result 
in hypothyroidism when used for the 
management of overactive thyroid [19]. In this 
study, TQ was tested for its possible role in 
protection against PTU-induced histological and 
immunohistochemical changes in rat cerebellar 
cortex. Administration of TQ was found to 
prevent the increased body weight experienced 
by animals treated with PTU, and was related to 
an improvement in thyroid function tests. Thyroid 
hormone profiles in animals treated with TQ 
showed normal TSH, T3, and T4 levels. An 
increase in body weight and altered thyroid 
hormone levels are indicators of hypothyroid 
status [20].  
 
Figure 6: The percent area of the GFAP stained astrocytes. One-way analysis of variance (ANOVA) test was 
used for statistical analysis.  When equal variance could be assumed, the post-hoc significant difference (LSD) t- 
test was applied.  Values are expressed as mean ± SD. ** = P < 0.01, * = P < 0.05 
 
 
Figure 7:The numerical density of granular cells per mm3. Asignificant decrease is seen in numerical densityof 
granular cells is seen in groups 2 (PTU) and 4(PTU+ TQ). One-way analysis of variance (ANOVA) test was used 
to examine the difference between groups. When equal variance could be assumed, the post-hoc (LSD) t- test 
was used.   Values are expressed as mean ± sd. ** = P < 0.01, * = P < 0.05.  
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Figure 8: The total number   of granular cells per mm3.Asignificant decrease in the total number   of granular 
cells is seen in groups 2 (PTU) using the formula, N = NV × V(ref). One-way analysis of variance (ANOVA) test 
was used to examine the statistical significance. When equal variance could be assumed, the post-hoc (LSD) t- 
test was used.   Values are expressed as mean ± SD. ** = P < 0.01, * = P < 0.05 
 
The hypothyroidism induced by PTU was 
reflected in the histological and immunohisto-
chemical features of the rat cerebellum samples. 
In the H&E-stained sections, Purkinje cell 
degeneration and neuronal loss were observed 
after PTU treatment. Similar results have been 
reported in previous studies on thyroidectomy 
[21] or experimentally induced hypothyroidism 
[22]. Morphometric examination also showed that 
the numerical density of granular cells was 
markedly decreased in hypothyroid cases 
compared with the control. Previous studies have 
shown that the cerebellar microcircuit function is 
entirely dependent on synaptic integration in the 
granular layer [23]. 
 
GFAP expression was found to be significantly 
decreased in the cerebellar cortex after PTU 
treatment. The significant decrease in the 
percent area stained with GFAP seen in 
hypothyroid rats can potentially be explained by 
previous research. A previous study showed that 
astrocyte cell size, number of processes, and 
length of the processes determine astrocyte 
activity [24]. Interactions between astrocytes and 
neurons are thought to play a role in cell 
signaling, neurotransmission, and synapse 
modulation. Impairment of astrocyte-neuron 
interactions can critically influence the 
homeostasis of neuronal cells and may underlie 
the pathophysiology of many neurological 
disorders [25]. Degenerative neuronal insults 
induced by PTU are reportedly evoked by 
oxidative stress [22]; therefore, TQ could act to 
prevent the hypothyroid cerebellar damage 
resulting from oxidative stress [26]. In addition, a 
previous study showed that TQ had antioxidant 
activity and protected against oxidative stress in 
hypothyroid rats [27]. A similar mechanism could 
explain why TQ protected the cerebellum from 




TQ, the active antioxidant ingredient of Nigella 
sativa, could be a beneficial natural candidate to 
counteract the unintended side effects in the 
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